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INTRODUCTION

The jmportance of proteins in the dict is so generally recognized
as to neod here no detailed discussion.  Both the quantity and the
quality of prolein are matters of importance to everyone, particularly
to dietitians, physicians, housewives, school and institutional work-
ers, food and feed manufacturers, and animal husbandrymen.
Unless the diet contains enough protein of satisfuctory quality proper
nutrition will not result. An excess of protein, on the other hand,
is ut least uneconomical, because protein is the most costly of the
food elemente. The percentage of protein in a feed largely deter-
mines its price.  Wheat is now commonly bought on the basis of its
protein content. It is, therelore, desirable to have as accurate
knowledge as possible of the quantity of protein in various materials.

Proteins have been defined as nitrogenous chemical compounds
of great molecular weight which give colloidal solutions and which
on analysis yield amino acids as cleavage products,

Without proteins there can be no life.  They play a predominating
réle in the life process of every eell. Proteins enter into the con-
struction of nearly all animal tissues and form the chiel constituent
of many of the body fluids. Aside from their role in nutrition, they
are connected with many physiological processes in lealth and
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disc:‘z?&?@‘ g toxing, antitoxing, sensitization, Innunization,
allergy- tern%‘&uniliar in the modem practice ol medicine—are
largely interpreted in terms of protein.

Fat, carbohydrate, ash, and moisture in food materials ean be
determined with a high degree of accuracy, but the method used
for estimating protein is unsatisfactory, The pereentages for protein
given i books and tables showing the composition of foods are
merely a form of expressing the totel nitrogen, and in many cases are
far from representing the correct values for real protein.

Investigantions on proteins eurried on in the Burewu of Agricultural
Chemistry and Engineering und elsewhere during reeent years have
yielded information regarding the nature and cemposition of the pro-
feins in a large number of dillerent food materials, 1t is the purpose
of this eireular, in the light of these results, fo present some data which
will contribute to a_more accurate estimation of the proiein content of
various loods and feedstuffs.  Also some of the shortcomings and
limitations of our present method of estimating protein are pointed
out and discussed, 20 (Lat those using the pereentages given for protein
in varicus miterials ean Jdo so more intelligently by muaking eertain
allowanees,

The new protein conversion factors presented in this cireular are
based upen the most reliable information available regavding the
nature and composition of the proteins in the materials coneernod,
Although it is realized that their use will not give values which will
express the quantity of protein in the different food materials with
absolute aceuracy, it is believed that they will give vulues represent-
ing the real protein content more closely than those obtuined by the
indiscriminate application of the factor 6.25, now in general use.
Tlow these factors are to be applied must be left to the diseretion of
those who wish to uge them in their own particular Geids.

QUALITY OF PROTEINS AS A FACTOR IN NUTRITION

One of the outstanding discoveries made within a comparatively
recent time in the lield of nutrition is that proteins dilfer not only
with respect to their chemical make-up, but also in their food value,

Progress in the field of nutrition has neeessitated a revision of the
ideas which lormerly prevailed regarding the nuéritional require-
ments of an animal. . Formerly all foods were classified according to
four basal factors—proteins, lats, carbohydrates, and mineiu] constibu-
ents. A diet was considered eomplete which contained these four
factors in sufficient quantities to meet the physiological needs ol the
animal. In the older appraisement of food values, little considera-
tion, if any, was given to the quality of the protein. A protein was
a protein, and its food value was largely judged by the number of
ealories it would furnish. Today we know that a diet may supply an
abundance of ealories, and may contain a sufficient goantity of pro-
tein, fat, curbohydrates, inorganic salts, and vitamins, and yet be
inadequate to provide for the normal growth and maintenance of an
animal if the protein is not of the right quality.

The quality of 4 protein depends on its content of certain com-
pounds called amino actls, of which proteins are primarily com-
posed.  Most proteins contain some 18 dilferent amino acids, 4 of
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which, at least, have been amply demonstrated to be essential for the
satisfactory growth and nutrition of animals.  These are lysine, tryp-
tophane, histidine, and eystine.  These amino acids must be supplied
by the food that 1s eaten, as the body can not manufacture them from
other substunees.

QUANTITY OF PROTEINS IN FOODS AND FEEDS

Research on the proteins of food materials resolves itself, there-
fore, when viewed from a praectical standpoint, into a sindy of the
quantlity and quality of the different proteins in foods and foed-
stufls,

Druring the last 13 vears the Protein and Nutrition Beseareh Divi-
sion of the Burcau of Agriculiural Chemistry and Engineering has
carried on exiensive investizgations on the proteing of ilerent mate-
rials and cheir constituent units, the amino weids.’  As a rosuli, many
new data have been accumulated relating to the proteing of many
foods. The proteins of some 51 different food meaterjals have been
isolated in as pure condition as possible, and their properties wnd amino
acid composition have been determined. Several bave heen sbtained
in erystailine form,

Both in buman nutrition and in the practical feeding of farm
animals i 1z obviously a matter of greal Imporisnes 10 have as
accurate daia as possible, not only regarding the quality of the difl-
ferent feod proteins but also regarding the quantiiy in which they
are present in the various foods. For the feed mavufacturer and
the practieal feeder of farm animals it s an ever-present problem
to know how much of the different mgredients to nse when eom-
pounding a ration so that the mixture will contain, {or example, 1§
or 20 pereent of protein of good quality.  The same question con-
[ronts the dietitian. A diet containing a definite percentage of
protein 1s preseribed for a patient.  What proportions of the differ-
ent foods that are to constitute this diel must be taken so ihat the
diet will contain the definite quantity of protein required?

Apain, in scientific experimental work diets and rations are fre-
quently required that contain & definite, known percentage of protein.

ESTIMATION OF PROTEIN IN FOODS AND FEEDS

In order to produce a mixture of several ingredients that will eon-
tain a given quantity of protein [rom known sources, il is obviously
necessary to know the percentage ol protein in each of the several
ingredients.  This is ascertained by referring to tables which give
the pereentages ol protein, fat, and carbobydrate in different food
materials. The percentages of protein as there given are then used
in caleulating the quantity of each constituent necessary in order that
the mixture shall contain the required quantity of protein.

Many users of food-composition tables will doubtless be somewhat
surprised to learn that the percentages given for protein i difforent
foods represent the nitregen content, and in only a few cazes do (hey

fPhe resalts of these Investigalions are deseribed in seme 75 artieles which hnve been pubilshed in various

seientific and techniesl journals, ‘The supply of reprints of mast of these artieles iy exhausted, g the
original arlicles can bie eonsulied in the publication: cited o the hibliogrphy at the end of this tulletin,
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represent the actual protein. In muny eases the perceniages given
for protein are far from correet, and are likely to be misleading.
Much has been detracted from the practical and selentifie value of
many experiments in which the guantity of protein in the ration or
dict has been caleuwlated only on the basis of nitrogen content.

Tn biological tests, unless pure, isolated protein is being used, or
the effect of nonprotein nitrogen 1 eliminated, would it not be more
aceurate to speak of the protein value of corn, for instance, rather
than the biological value of its protein?

The quantity of profein in materials can not be determined with
expedieney by separating and weighing the pure protein as is done
with fats and other food constituenis.  The great difficulty and timc-
consuming labor involved in the quantitative isolalion of proteins
in & pure condition absolutely preclude this method. Instead, the
percentage of protein in a maierial is caleulated from the quantity
of nitrogen it contains. The nitrogen is usually determined by the
Kjeldahl method or some modification of it.

All proteins contain nitrogen. Many years ago, when the com-
paratively few proteins known were chiefly of animal origin, such as
serum albumin and serumn globulin from blood and cascin from milk,
it was found that these proteins contained about 16 percent nifrogen,
On the assumption, therefore, that proteins in general contained 16
percent nitrogen, the practice originated of estimating the per-
centage of protein in nitrogenous food materials by multiplying the
percentage of nitrogen by the factor 6.25 (100--16).  With but few
exceptions, the percentages of protein in foods as given in food-
composition tables have been caleulated in this way; that is, by
multiplying the pereentage of nitrogen by the factor 6.25.

This method of estimating protein rests on {wo assumptions,
neither of which is necessarily correcl. In the first place it assumoes
that all the nitrogen in food material is protein nitrogen. It is
known, however, that in many, if not in most cases, nitrogenous sub-
stanees are presend which are not proteins nor relaled to proteins.
In the seccond place it assumes that all proteing contain 16 percent
nitrogen.

NONPROTEIN NITROGEN IN FOODS

Tn connection with the lirsl assumption referred to, it 13 obvious
that an estimation of the percentage of protein based on the nitrogen
conlent of a material ean not be accurate if thut material contains
nitrogenous constituents other than protem. There are few, if any,
naturally oceurring nitrogenous substances that do not have constitu-
ents other than protein wlich also contaln nitrogen. An estimation
of protein based on totul nitrogen content will, therefore, give values
that are too high. The lollowing two cases may be taken as illustra-
tions.  Only one-third to one-half the nitrogen of the common potato
hag been accounted for as protein.  Coneerning the nalure ol the
remaining nitrogen in the potato but little i3 known. It has been
shown, however, that a considerable proportion of this nonprotein
nitrogen belongs (o asparagine.  Potatoes, thercfore, may contain not
1.5 to 2 percent of protein (nitrogen < 6.253), as given in tables show-
ing their composition, but only one-half, or less, of that amount.
Again, alfalfa, an important feedstuff, and one of the very lew sub-
stances ihe nature of the total nitrogen of which has been system-
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atically investigsated, hus been shown Lo eontain a number of nitrog-
enous cormpounds which are not even related to protein (86, 82, 100,
101, 102, 103, 104).2 The [ollowing are some nonprotein compounds
contuining nittogen that have been isolated from alfulfa leaves:
Stachyvdrine, asparagine, choline, adenine, trimethylamine, belaine,
arginine, lysine, tyrosine aspartic secid, alanine, valine, leucine,
phenylalanine, serine, and glutamic acid. Unquestionably there are
other nonprotein compounds in alfalfa that have not yet been dis-
covered, Here again as in the case of potatoes it is evident that the
protein percentage caleulated on the basis of total nitrogen musi be
far too high.

The statement is sometimes male that, from a nutritional stend-
point, the nonprotein nitrogenous compounds in food materials may
have a value quite cqual to that of protein itself, and that, for this
reason, it is immaterial whether the protein content is based on the
total nitrogen or on the actual protein present. This might be true,
if amino acids were the only nonprotein compounds involved. But,
as iz woll known, a large number of nitrogenous compounds exist,
both in plant and animal material, which can not replace protein in
the diet.

It is not the purpose of this discussion to convey the idea that the
method of estimating proteins by basing it on the total nitrogen
should be abandonad, but to point out some of its limitations so that
those nsing it may be cognizant of its inacenracies and can be guided
accordingly.

At prosent one great obstacle to progress in the estimation of pro-
tein in food msterial is the lack of information regarding the non-
protein nitrogenous coustlituents of food material.  With one or two
excoptions, no plant or animal material has been systematically
studicd with the object of learning the nuture of its Lolal nilrogenous
constituents. Mbpst investigators have been content merely to 1solate
and identily individual compounds. Knowiedge of the nature of the
total nitrogenous eonstitucnts of food material is essential, not only
for estimating their protcin contennt but also for ascertaining their
lood value.

NITROGEN CONTENT OF DIFFERENT PROTEINS

As pointed out in the preceding paragraphs, the error involved in
estimaling protein upon the basis of toial nitrogen unfortunately
can ot be corrected until much more information is available regard-
ing the nenprotein constituents. With reference, however, to the
second source of error in estimating protein, namely, that arising
from the indiscriminate use of the conversion factor 6.23, we do
have data whick can be applied for the ecaleulation of factors that
will give results representing more nearly the trme protein content,
The chief proteins in most of our common lood materials have been
tsolated and studied, The percentage of nitrogen in these proteins
is definitely known.

In tablo 1 is given a list of different proteins that have been
isolated from plant and animal socurces, and the percentages of
mitrogen whicl these proteins contain. Most of the proteins listed

2 Halie numbers in parentheses refer o Bibliography, p, 16,
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have been prepared and analyzed many times. Many of the nitrogen
pereentages were determined in the Protein and Nuirition Research
Division of {he Burcau of Agrieultural Chemistey and Engineering.
The others have been compiled from the work of various mvestioators.
In nearly =l cazes the percentage Iisted in the table for any given
protein varies hut Titdde from the percenttages recorded for other prepa-
rations of the same prolein, man ¥ of which were dotermined by sevoeral
investizators,

Panne L—Nirogen content of various protetus 1

| |
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ERRORS ARISING FROM THE USE OF WRONG CONVERSIGN FACTORS

As shown in table 1, the nitrogen conient of different proteins
varies within a rather wide range.  Some proteins that have been
isolated contain as little as 15 pereont nitrogen; others eontain more
than 19 percent.  As an llustration of a possible error in ealeulat-
ing the protein content of a single food waterial by using the fac-
tor 6.25, take the ease of almonds.  The prolein eondent of the edibie
portion of almonds is usually given in tables showing the composi-
tionn of foods as 21 percent. This fgure iz obtained in the conven-
tional manner by mulliplying the nitrogen content of almonds, 3.36
pereent, by the factor 6.25. However, the protein of simoends con-
sisls of a globulin named amandin, containing [9.3 pereent of nitro-
gen. This protein has been isolited in erystalline forve (90) and has
heen extensively siudied. No other protein has been found in sig-
nificant quantitics in this sced, and il has but little nonprotem nitro-
gen.  Ils nigrogen centent, 9.3 pereent, corresponds to the faclor
5.18. If the fucior 5.18 be wused, which corresponds to the actual
pereentage of prolein nilrogen in almonds, instead of the conven-
tional factor 6.25, the percentage of protein in ahmonds will be found
te be 17.4 pereent instead of 21 percent.

Even more striking is the discrepancy in the eage of gelatin,  Tts
prolein content is given us 914 perceni (N»6.253). However,
when the factor 5.55 is used, whicll is the once corresponding to the
actual nilrogen eontent of gelatin, the protein content will be found
{0 be §1.2 pereent,  Striking differences in the figures for other food
materials are shown in table 6.

The chiel proteins in most vegelable material centain more than
16 pereent nitrogen. This 1z particularly true of sced proleins.
Many sceds, however, do contain besides the one or two ehiel pro-
teing, one or more other proteins in smaller gqnantities, which almost
invariably contain less nitrogen. 1f only those proteins which make
up the ereater part of the protein conteul of vegetable material be
taken into comsideration, the average percentage of nitrogen in them
is about 17 pereent.  This corresponds to the conversion [aclor
584, When the percentages of protein in most {oods of vegetable
origin, with the possible exeeption of green vegetables, fruits, and
tulsers, are being caleulated, this factor, therefore, would give the
true protein conient more closcly than the factor 6.25, which s
now used.  There are certain foodstuffs converning the proteins of
which sufficient is known to justify the use of special nitrogen con-
version factors. Although in most eases even these factors will
not give absolutely correel figures for protein content, they will
give themn more accurately than the arbitrary factor 6.25. Even
for substances the nitrogen of which is known o be protein nitro-
gen, and [or which the relative proporiions of the different proteins
have been fairly well established, available data are not sufficiently
complete for the ealculution of perlecily corvect factors,

CHEMICAL COMPOSITION OF PLANT PROTEINS IN RELATION TC
THE PLANT ENVIRCNMENT

The use of any factor for the conversion of the pereentage of
nitrogen into terms of protein in a given material presupposes that
the nitrogen content of the individua!l proteins contalned in that




b CIROULAR 183, U. 3. DEPARTMENT OF AGRICULTURE

material is constant. For example, the adoption of the conversion
factor 5.7, which is generally used for wheat and wheat four, is
based on the assumption that the nitrogen eontent of glindin and
glutenin is independent of the environment under which the wheat
was grown, such as elimatic and soil conditions; also that the pliadin
and glutenin obtained from different varietjes and classes of wheat
contain the same percentage of nitrogen. In other words, it assumes
-that wheat gliadin and wheat glutenin are chemically definite pro-
teins or groups of proteins that have g constant chemical composition
irrespective of the conditions under whicl, the wheat from which
they are obtained is grown. This muost not be confused with the
well-known fact that different elasses of wheat and wheat grown
in different environments vary with respeet 1o the total quantity of
protein they contain and also with respect to their ratio of gliadin
to glutenin content. Bnt these two proteins, in whatever quanti-
ties or in whatever ratio to each other they oceur, have always been
found to contain practically the same pereentage of nitrogen.  This
has been demonstrated by the anulyzes of hundreds of preparations
of these proteins by different mvestigators eovering a period of
more thun 80 yeara. ~ The remarkably close agreement of the nitrogen
content of gliadin and glutenin prepared by different workers not
only in different sections of the United States but also in other coun-
tries is shown in tables 2 and 3.

) [ glindin propared Jrom wheat
of different varieties and origin us determined by rarious investigalors

TAaBLE 2.—NYtrogen content and Bpecific rotalion o

T T e e B e
} Specifie il k Bpocifie
i Citen- 1 rotalion b . R Titro- | tetation
Invesligator Yrar ‘\"”.fl” | oy Tnvestivator i Year | ]\)ﬂ;m ‘:_:;l]“
boeen | oy | ! B (mis
|
S S R [ I B -
ot | N i | TS
ﬁunabrerq 1C1 T LT ‘ ;irdh a;i(.%dj Friedl (83 .. " i01q ) ﬁ-;?P -
ittlnns 5 | ' QHTEIETI e |1 | —0), g
IJ\'jnic]th i _ i e o " Woudman (103) . o] 1022 - 03.R°
Osborneand Vaorl 6 —%. 4%
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!
_. —=W2 25" l i SEL L 125 | 17. 51

117 T i (F8). . 1025 [ 17,84 | —01.p°
1747 0 -0l 80— Jg Blizh nnd steds 727y __| 1920 1 17054
J -3, 1 || Junes and Wilson (88). 1 1928 J 1781

SWith the exeoption indieated, the detareainaiions seors roada gn ghiardinr 10 70 pereent ethyl sleahol.
EPhis determination ws made with tliadin in 45 pereent slenhol,

TarLE 3.—Nitrogen confent of glutcnin repared Jrom wheat of different vorieties
and origin as delermined by various tnvesiigators

' I
[nvestipator | Year | Nitrogen
i

; FPereent
Ritthavssn 57y 1372 e e
Osborne and Vior 7 N BRI 7. Sl | 19m 15,81
Oshorne and Tal - I 1503 | -1 Tones and Maoctler (60 2770 7| i 6. 82
| i i

Cross and Swain (78) made « stidy of gliadin and glutenin pre-
pared from flour obtained from different, varetios of wheat and from
wheat grown in different, geographical locations. They conclude
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that “the evidence offered points to the chemical identity of the
gliading from the different varieties of wheat.”

In a comparative study of the gluteling of cereal graing Larmour
(84, p. 1083 -1094), concludes—
from the papers ciled in the [oregoing discussion it scems evident that glutenins
from various types of flours are indistinguishable by present methods of ehem-
ical analvsis, and by means of the measnrements of speeifie rotatiou, refraetive
index, and absorption spectra.

Blish (75) could not differentiate chemically between a glutenin
prepared from a high-grade patent four and that prepared from a
biscuit flour.

Blish and Pinckney (76} found that samples of gliadin and
glutenin from widely different types and varictics of wheat were
identical, with the exeeption of slight differences noted in optical
rotation in the case of the proteins from one wnusual variety of
wheat.

What has been said regurding the constancy of the composition of
gliadin and glutenin, irrespective of the class or source of the wheat
from which they were obtained, can also he applied to the proteins of
other materials.  Arachin, for example, a protein of the peanut,
has definite physical and chemical propertics, irrespective of the
environmental conditions under which peanuts are grown. Edestin,
from hempseed, is a erystalline protein having definite physical and
chemical propertics. Preparations ol cedestin obtained by different
workers and from hempsced grown i different parts of the world
throughout o period of many years have been found to have the
same clemernilary composition,

The overwhelming evidence that the chemical composition of indi-
vidual proteins is not influenced by environmental conditions under
which the plants containing them were grown justifies the use of
nitrogen conversion factors based on the nitrogen content of ndi-
vidual proteins.

On the basis of the properties and composition of their proteins,
most of our common, nitrogenous foodstuffs cun be classed in five
gencral groups: Cereal grains, oilseeds and nute, seeds ol leguminous
plants, Ioods of animal origin, and fruits and vegetables. For the
sake of convenicnee in prescutation, the nitrogen conversion factors
for the proteins in a number of different food materials ace con-
sidered under those classes.

Tt is realized that many food urticies are not ineluded among those
for which special factors are given. Speeial factors are suggested
only for those articles concerning the proteins of which iv is helieved
there is sufficient information to justify the use of special factors,

PROTEINS OF CEREAL GRAINS
WHEAT

The factor gencrally used for wheat flour and for the whole
wheat kerned, 5.7, is baged oun the nitrogen content of the two prin-
¢ipal proteins in flour, namely, gliadin and ghitenin.

However, flour has o profein content abont 1 pereent lower than
that of the wheat [rom which it iz obtained.  This has been assurned

2RIRIS31 -7
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‘to be due to the fact that bran containg a higher percentage of pro-
teinn than the endosperm.  Work done In this Burean on the proteins
ol wheat bran has shiown that this s only one cause. The other cause
of the lower protein content of the flowr as compared with that of the
wheat from which 1t is made is that the proteins of bran have not the
same nitrogoen pereentoee as the proteins of flour. Two of them bhave w
lower pereentage.  The nitrogen of bron represents approximately 22
percent of the total uitrogen ol wheal. From a commercial whoat
bran from which nearly all the adhering parts of the starchy endo-
sperm had been removed by speeial treatment, three protofs were
isplated, an albumin, a globuiin, snd a profamin. These proteins were
obtained in pereentages of 2.87 235, and 3,35, respectively, which
amounted collectively to 1057 percent of the bran. They have been
studied extensively with regard both to their chemical composition
and properties and to their nutritive value.

The results of these studies have raised the question whether or
not a factor based not only on the niirogen content of gliadin and
glutenin, but also taking into account the profeins of the bran and
the embryo, would give the protein conteni of wheat more aceurately
than the customary facior 5.7, Special interesi lends itself to Uus
matter in view of the current practice of buying wheat upon analysis
and determination ol its protein content.  Accordingly, the factors
have been caleulated lor eonverling the percentages of nitrogen in
the endosperm, embryo, and bran into terms of protein. On the
basis of {le nilrogen percentagesz in these different parts of the seed
aud of their relative distribution in the wheal kernel, a factor has
been obtained for the conversion of the nitrogen of the whole kernel
into terms of protein,

ENDOST'ERM

The proteins of the endosperm consist chiefly of ghadin and
ghttenin, which ocenr in wheat in approximately equal quantities,
Although traces of a globulin and albumin have also been isolated
from flour, il i8 questionable whether these small quantities found
in the best flour msy not be due to the presence of small quantities
of embryo that escape separation in the milling process. At any
rate, the quantities are too small to affect the results significantly
when considering the conversion factors for the endosperm nitrogen.
Gliadin containe about 17.6 percent of nitrogen, and glutenin about
17.5. The endosperm proteins collectively, therefore, contain 17.55
percent of nitrogen, which, divided into 100, gives the conversion
factor 5.608, or 5.7, which is the fuetor generally used for the con-
version ol nitrogen into prolein percentage not only in flour, but
also it whole wheat.

BRAX

The proteins of bran have been shown () to consist essentially
of an albumin, a globulin, and a prolamin. The proportions in
which these proteins have been isolated from bran and the per-
centages of nitrogen which they contain are shown in table 4.
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Tartk 4. Proieins of wheat bran and their nifrogen condent

Quantity
of protein
: = . istlated
Irotein Nitrogen | qpom 300
grams of
bran

Percent Grams
154

Albumin... 5 2.87
Glohulin 1.7 245
Projgmin. . __ 15.3 5,334

B2 1 Y U SO UEUPRORY DU RUEPRI 10. 57

On the basis of these data, the bran proteins collectively contain
5,86 percent of nitrogen, corresponding to the conversion factor 6.31.

EMEBRYO

Osborme and Campbell (97} obtained from wheat embryo about 140
percent of albumin, 5 percent of globulin, and 3 pereent of proteose,
which contain 16.8, 182, and i7.0 pereent of nitrogen, respectively.
Calenlated on the basis of these {igures, the embryo proteins as a
whole contain 17.24 percent ol nitrogen, corresponding {o the con-
version factor 5.80.

WLHOLLE WIIEAT KERNEL

Tn their classic work on the nutritive value of the wheal kernel
and 1ts milling preducts, Oshorne and Mendel (94) have estimaled
the percentages of the total protein of the wheat kernel which is con-
tained in the endosperm, bran, and embryo as follows: Endosperm,
73.3 percent; hran, 22.3 percent; embryo, 4.4 prercent.

hese {igures are based on anpmz]mate pmpormms of the above-
named parts in the wverage moisture-free wheat kernel containing
2.2 percent of nitrogen.  The anthoers state: “The velative pIOI‘DI‘tIOH
of these parts varies somewhet in different samples of wheat, but
general we beliove thnt these 155 s loirdy ropresent the average.

By t .ﬂung into account the loregoing propertions of the pmt-« n
the gped, the relative quaniities of the (Il[ivwnt proteins which have
Loen isolated from these parts, and the percentages of nitrogen in the
proteing, the conversion factor for ihe nitrogen of the whole whest
kernol may be caleulated in the following manper:

Total nitrogen in 73.3 grame of cwdospenn proteins:

}

Grams

T3 0T as . ____. 12. 864
Total nitrogen in 22.3 grams of rau proteins:

287w 22.3X0.154 . . ..
s S S em .9320 gra albmnmiin nitrogon.

10.57
284X 22.3X0.37 s e s
o057 — 38T gram globulin nitrogen.
63—0%§= L.726% grams prolamin nilrogen.

Cotal . el 3. 537
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Total nitrogen in 4.4 grams of embryo proleins:

!9w=0.4]] gram albumin nitrogen.

18
U—><4'ﬁ—>§(]—']8-3=0.22-1 gram glohulin nitrogen,
§'>~<'4'1L§<(£r=0.125 gramn proteose nitrogen.
Crams
LTotal L _____ 0. 760
Total nitrogen in 100 grams of total wheat proteins________ .- 17,161

100+-17.161=15.83 eonversion factor.

The conversion factor 5.83 thus obtzined is based partly on the
relative proportions in which the proteins have been isolated from
the different parts of the sced. The quantities nctually isolated,
however, probably do not represent ull the protein present, especially
in the emhryo and the bran. It is seldom that the proteins in a
naturally occurring plant or animal product can be completely ex-
tracted.  Furthermore, more or less unavoidable losses are alwnys
involved in the separation and isolation of the proteins after they
have been extructed from the material which originally contained
them. Such losses are usually, however, rather uniformly distnbuted
among the different proteins of the sced and would therefore not
significantly affect the conversion lactor. Although the new factor
here presented for the conversion of the percentage of nitrogen of
wheat into terms ol protein does not differ greatly from the iactor in
general use, it is believed that it will give the protein content of
wheat more accurately than the customary factor 5.7,

RYE, BARLEY, AND QATS

The proteins of these cereals, like those of wheat, have heen found
to consist chiefly of an alcohol-soluble protein (prolamin) and »
glutelin. Several investigators have shown that the nitrogen con-
tent of theso proteins agrees quite closely with that of gliadin and
glutenin, the corresponding proteins of wheat, Like wheat, these
cereals contain other protems, but their quantity is proportionately
so small that they need not be econsidored in conneetion with the con-
version factor. The factor 5.83, which has been caleulated for wheat,
cnn therefore also be used for rye, batley, and oats.

RICE

The proteins of rice diffor essentially from those of other cereals,
with respect both to the nature and properties of the proteins and
to their atnino acid composition.  Rice contains but an insignificant,
quantity of protein belonging to the cluss of prolamins. Its protein
content consists largely of oryzenin,  Small quantities of two globu-
lins are also present. If the relative proportions in which the differ-
ent proteins are present in rice, anl the percentages of nitrogen in
these proteins are taken into consideration the nitrogen content of
oryzenin, 16.8 pereent, fairly represents the percentage of nitrowen
in the rice proteins as a whole. This percentage corresponds to the
conversion {actor 5.95,
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CORN (MAIZE)

The cluef proteins of corn are zein and a glutelin., Tt also contains
elobuling i relatively small quantities. The pereentages of nitrogen
both in zein and in corn glutelin as recorded by numerous investiga-
tors are close to 16.1 pereent, which practically gives the conversion
faetor ordinarily used, 6.25.

PROTEINS OF OILSEEDS AND NUTS

The predominating proteins in nearly ol the oilseeds and nuts
which have been studied are globulins of relatively high nitrogen con-
tent, ranging Irom 18.5 Lo 19 percent, corresponding in general to
the factor 5.3. The proteins of the following lood articles helonging
to this class have been studied: Almonds, hazelnut, walnut, Brazl
nut, butternut, coconut, castor bean, hempseed, cottonseed, sunflower
seed, flaxseed, squash seed, pumpkin seed, sesame seed, and cantaloupe
seed.

Although peanuts and soybeans are oilsceds, their predominating
proteing have a somewhat lower nitrogen content than those of the
oilseeds mentioned above. More than 87 percent of the total nitro-
genl of peanuts is protein nitrogen (54). The proteins consist almost,
entirely of two globulins, arachin and conarachin, hoth of which con-
tain 18%.3 percent nitrogen. This gives the conversion factor 5.46.
Tn view of the definite lnow ledee of the proteins of the peanut, it is
believed that the use of this factor will give quite accurately the real
protein content of peanuts.

The chief protein in soyheans is glyeinin, a globulin that has 17.5
percent nitrogen. This eorresponds to the factor 5 T

PROTEINS OF LEGUMINOUS SEEDS

Studies condueted in this Bureaw and elsewhere, on the proteins
of a number of different kinds of beans have shown that the pereent-
ages of nitrogen i the prolemns of these beans lie elose 1o 16 percent.
The factor 6.25, therelore, can well be used for ealeulating the protein
content of the following varieties of beans: Clommon white navy
hean, Lima bean, adzuki bean, mung bean, velvetbean, und jack beun.
In view of the mGUIFmencv of data 10%11‘1[11]0' the proteins of other
leguminous seeds used for foods, it is recommended that the factor
6.25 be used tentatively for them also, with the exception of soybeans
and pewnuts, which are discussed under the heading oilsceds and nuts.

PROTEINS OF ANIMAL ORIGIN

MILK

From 75 to 80 pereent of the nitrogenous matter of cow’s milk
consists of casein. Most of the remainder is in the form of lactal-
bumin. Milk also contains small quuantitics of # globulin and of a
protein soluble in dilite aleohol. Casemn and lactalbumin contain,
respectively, about 15.9 and 15.4 perceni nitrogen. The [actor 6.38,
which has been in general use for some time in estimaling protein in
mili, should he vetained,
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MEAT AND EGGS

The lactor 6.25 i3 used in estimating the proleins of eggs and meat.
Most of the proteins that have been isolated from animal tisaue con-
tain about 16 percent nitrogen.

PROTEINS OF FRUITS AND VEGETABLES

There is not sufficient knowledge regarding the proteins of {ruits
and vegelables to jusiify the calenlation of u special factor. Until
more is known regarding the proteins of this class of foods the con-
ventional factor 6.25 should be used.

Tn table 5 nre given the nitrogen-conversion factors for some food
substances concerning the proteins of which, it is belicved, there 18
sullicient knowledee to justify the use of speeial faclors for convoert-
ing the percentages of nitrogen iuto that of protein. Although it
shiould Be understood that these factors will not give absolutely
correct values, for the rcusons that have been already dizcussed, 1t
is believed that they will give the true protein content more accu-
rately than will the indiseriminate use of the conventional factor 6.25,

TanLz §.—Factors suggested for use in converling percentages of nifrogen in vaiious
substances {nte terms of prolein !

i Pactor
sugposted

Factor

sapgested Suhstanee

Bnubstance

Clogeal graing: 1 Oilseeds and mits—Continued. i
Whegat, endosperm Brazilpar_____.

Wheat. embryo. . .. Hazelnnt..__.. 30
Wheat, bran._ ' ‘ Walnut_ __ 0
- | Traput.. 40i

Whegt, whole kornel

oG e O T

Rya Foyhenl. N . ¥l
Tiarl I Buatternul.. IR N a0
Oat: Castor hean IR i 30

Subslinoss of animal origin:
MWK o [, 735

Rice . oo
Corn {maize)

it PG R e
sz o 0 ok O 5 5
= % B E

1
Oflsecds and nu | 15,25
Hemnpeerd ..o gl 6. 20
Cottongoed. . : 555
Sunflower sen i) 30 || Lesuminous soards: !
Flaxseed ..o ! 30 NovE BRAT.  ceciicao - '
Huash sood R 80| |
Fumpkionsesd - - . oo 3|4
Sesamne secd .o o0 . oo i 3 Velvethean. . .. ... -
Cangaloupe seed oL o . | ] ‘ Adduuii bean. .- [ .
Alnonda oo o § 18 .‘ Faek bran oo -
Coeopint . oo oo it
1 i

o1

1 he factor 6.
tnhly with the ¢
Wheat, 5.7; il

aonarally s in calendnting the protein percepiages of all the meaterials listed in this
wi1 of wheat. tailk nad aiating for which tha fallowing fuutars are somatimes nsed
.38 welaling 8,55

For coraparison, in table 6 are shown the percentages of protein
(N3<6.25) in some comimen food materials as given in standarcd
food-cornposition tables and the pereentages obtained for the same
material ns ealeulated on the basis of the conversion factors given in
table 5. There is a marked difference in the protein percentages in
most cages. Tor geiatin, the dilference is more than 10 pereent.
Nuts present dilferences of from 2 to 4 percent.
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TasLe 6.—Percentages of protein in some food wnalerials celcwlaled with the factor
#.25 as compared with the values devived when using corrected faclors

}l’rot]ein - based
v - Hased on rotein hased on
Food matertal factor speeinl factors
6.251

Pereent Percent
Almonds. ... 21. 9 17. 4 (N'X5.18}
Bariey meal and flowr . .o ____ I .- 10. 5 48 (I 25 83)
Bread from high-grade 3 : L7 N HE
Buttermitk . . a0 1IN
Butternugs, edible portion .. s 27.9 23061
Brazil nuts, edible portion_ e i7.0 14,8 (N
Cheese, American fade_ I e 388 20010
Cheese, COTTa@E. - L eemimimmmee e . . 20,0 2.8 (N
Coeint, edible portion. R S a7 450N
Coconul, prepared, ns paxchased oo . Loooo 6.3 34 (N )
Filberts, edible portion ... o . 15.6 13.2 (N #5680
Flour, entire wheat___ . 138 T2 9 (N % 5. 53)
Tlour, patent, bakersgrade. . _________. - 13.3 12,1 (N5 7))
Gelatin o eeeeran- . e e e 1.4 K12 N WA BR)
Hickory nnits, edible porlion. . e . 15,4 131 (N X5 2m
Milk, whole_.. . e e 3.4 3,4 (MG, 38)
©Milk, skimmed R F 3.1 3.3 (N6, 38)
I\Iﬂ_k candensed L e d oo . 5.8 4.0 (N X6, 38)
Oatrheal g 146.1 15.0 (N X8 #3)
Pewnats. oL S 20,8 22,5 (N5, 46}

t The pcrcentagcs in this eolumu are based on data for erade pr(-tem given by Atwater and Bryant (’.’5;

The lower fizures for gelatin and nuts are believed to represeut
closely the actual protein content. Gelatin 1s known to contain
about 18 percent nitrogen, and most of the nitrogen in nuts oceurs
in the globulin lractmn, which contains approximatcly 19 percent
nitrogen.  Although special conversion factors are somoetimes used
for a few materlal% notably wheat and wheat produets, milk and
millc products, and gelﬁtm it should be emphasized that the factor
£.25 is the one that has buen used in the preparation of nearly all
food-composition tables that are in general use.

SUMMARY

The method used for estimating protein in foods and feeds by
multiplying the perecntage of nitrogen by the conversion Tactor 6.25
gives in many cases [lgures which are lar from representing the cor-
rect values for real protein. This meihod rests on two assumptions,
neither of which ig necessarily correct; namely, that all the nitrogen
in food material is protein nitrogen and that all proteins contain
16 percent nitrogen. Most naturally occurring nitrogenous sub-
stances coniain nonprotein nitrogen. The nitrogen content of more
than 121 different proteins isclated from plant and animal sources is
given. In these proteins the nifrogen content ranges from 13 per-
cent, to more than 19 percent.

The magnitude of errors arising from the use of wrong conver-
sion factors in estimating the protein content of foods 1s llustrated
by citing the figures for a number of foods. The chief proteins in
most of our common food materials have been isolated, and the per-
centage of nitrogen in these protcins is definitely known. On the
basis of this knowledge, special nitrogen conversion factors Lave been
calculated for certain foodstuffs concerning the proteins of which
suflicient is known to justify the use of special factors., These foods
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include some of the more important cereal grains, oilseeds and nuts,
leguminous seeds, and substances of animal origin.

Although it is not claimed that these special factors will give
absolutely correct values, it is helieved that they will give the true
protein content more accurately than will the indiscriminate uso of
the conventional factor .25,
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